(19) 



J 



niinmm 



(12) 



Europflisches Patentamt 
European Patent Office 
Office eimptendes brevets (ii) EP 0 959 133 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

24.11.1999 Bulletin 1999/47 

(21) Application number: 98201666.9 

(22) Date of fifing: 22.05.1996 



(51) Int Cl.^: C12N 15/63. C12N 15/67. 
CI 2N 15/90. A01H5/00 



(84) Designated Contracting States: 


(72) inventors: 


AT BE OH CY DE DK ES R PR GB GR IE IT U LU 


* Nap, Jan-Peter liendrik 


MCNLPTSE 


NL 6708 PB migenlngen (NL) 


Designated Extension States: 


• lUlynarova, Ludmila 


ALLTLVMKROSi 


NL 6708 PB Wagenlngen (NL) 




• Stielcema, Wllfem Joliannes 


(71) Applicant: 


NL 6708 PB W!agenlngen (NL) 


CENTRUIM VOOR PLANTENVEREDEUNGS- EN 


REPRODUKTIEONDERZOEK (CPRO-DLO) 


(74) Representative: De Hoop, Eric 


6708 PB Wagenlngen (NL) 


Octrooibureau Vrlesendorp & Gaade 




P.O. Box 266 




2501 AW Den Haag (NL) 



(54) A process fdr inhibiting expression of genes 

(57) For inhibiting the expression of a gene or a 
group of homologous genes present in the genome of 
an organism, a nucleotide sequence is introduced in the 
organism, which nucleotkie sequence has the configu- 
ration A - intenupt - B. A and B, which may be the same 
or different are selected from the group consisting of 
the gene to be inhibited or one of the homologous 
genes, any part thereof comprising at least 30 bp. and 
any homotogue thereof. "interrupT is a random nucle- 
otide sequence which may comprise any nucleotide 
sequence, ag. a gene or a selection marker. The tran- 
scrption directions of A and B may be the same or 
opposite. 
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Description 

[0001 ] This invention relates to a process for inhibiting expression of a gene or a group of homologous genes present 
in the genome of an organism. 

5 [0002] Whereas it is known that gene eqpression can be affected by antisense strategies (see Bourque, 1995). or 
retntroduciion of the sequence of interest (sense strategies, see Kboter & Mol. 1993), the efficiency of these 
approaches is low. There is a need for a method that can reduce gene expression nfx>re eff icientfy and reliably. 
[0003] The present invention provides a process for inhibiting expression of a gene or a group of homologous genes 
present in the genome of an organism, the process comprising introducing In said organism a nucleotide sequence hav- 
- 10 ing the following configuration: 

A - interrupt - B 

wherein A and B. which may be the same or different, are selected from the group consisting of said gene or one of said 
75 homologous genes, any part thereof comprising at least 30 bp. and any homdogue thereof, 

"intenrupt" is a random nudeotide sequence, and the transalptk)n directions of A and B may be the same or opposita 
[0004] The present invention also relates to nucleotide sequences useful in the method, and to vectors comprising 

said nucleotide sequences. 

[0005] A key advantage of the present invention is the efficiency by which inhibition of gene expression in transgente 
20 organisms is obtained. The method of the present invention affects gene expresston more eff identiy and reliably when 
compared to known methods of affecting gene expression. With respect to this advantage of the present invent'oa the 
efficiency of the metfiod of the present Invention obviates the need for generating and analyzing large numbers of 
y organisms for the intended reduction in gene expression. 

25 Definitions 

[0006] The term "nudeotkie sequence" in relation to the present invention indudes DMA and RNA. Preferably It 
means DMA. more preferably DNA prepared by use of recombinant DMA technk^ues. 

[0007] The term "... any homologue thereof in relation to the nucleotkJe sequence of the present invention indudes 

30 any substitution of. variation of. modif icatran of, replacement of. deletion of one or more nucleotkJes (nucleic ackis) from 
or addition to the respedive gene. In particular, the term "homologue" covers homology with respect to sinrtilarHy of 
structure and/or similarity of functk)n. The above terms also indude allelic variations of the sequences. For example, a 
DMA sequence of 2 kb may be homologous in a region of 100 bp and reduce gene expression In accordance with the 
present invention. Homotogous in this case means "dentical" or "similar" for at least 50%. preferably 70%, or more. 

35 Over the entire sequence the homology may be low. In general a homotogue is here defined as "any nucieotkie 
sequence having a dmilarity for at least 50%. preferably 70%. or more, over a sequence of 60 bp or more". 
[0008] The term "vector" indudes an expresskm vector and a transfonmatton vector. The term "expression vector* 
comprises a construct capable of expression In all in vivo or In vitro expression systems. The term "transformation vec- 
tor" comprises a construct capable of t>eing transferred from one organism to another. 

40 [0009] The term "Ipromoter" comprises all possible enhancer sequences and used in the present invention as nude- 
otide sequence that binds suitable transcription factors and RNA polymerase, resulting in RNA in the organism or any 
part thereof. The promoter therefore indudes any conserved DMA regions, and DNA regk>ns that affect the I wel of RNA 
Ibrmafion, such as leader sequences, and any DNA regions that give rise to induction of RNA synthesis as result of 
stress, chemkals. light, temperature, cell, tissue or organ specifk^ity or any other indudng agent, as well as any frag- 

45 ments, variants or homdogues of the DNA regions provkiing the resultant DNA regk>n gives rise to RNA production in 
an organism or any part thereof. 

[0010] The term "gene" indudes normally a promoter sequence, a coding sequence, opttonally introns and a termi- 
nator sequence. 

[001 1 ] The nudeotcle sequence to be introduced in the present process comprises two genes or parts thereof. A and 
50 B. interripted by a random nudeotkJe sequence. Saki configuration is hereinafter indicated as intenrupted repeat con- 
figuratk)n. The transcription directtons of A and B may be the same or opposite. In a preferred embodiment the tran- 
scription directions of A and B are opposite. 

[0012] The intemf>ting random sequence may comprise any nudeotxje sequence. e.g. a gene, a selection marker, 
a matrix-assodated regk)n, etc. The lengtii of ttie random sequence is not critical. It appeared not to be possible to 
55 clone or maintain inverted repeats without an interrupting sequence. Apparentiy, such inverted repeats are not stable. 
Any iengtti of the random sequence may be suitable providing it contributes to a stable maintenance of tiie repeat con- 
figuration; preferably the random sequence will be less than 10 kb. Preferably the interrupting nucleotide sequence will 
be a selectable marker gena 
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[001 3] In a preferred embodiment the two genes or parts thereof. A and B. comprise a promoter attached to the cod- 
ing sequence of a gene or both genes. Any promoter can be used, either the natural promoter of the coding sequence 
or a fdreign promoter, which is any promoter from any gene from any other organism. As foreign promoters preferably 
highly effective promoters are used, e.g. a dCaMV 35 promoter in case of plants. 
5 [0014] The two genes or parts thereof. A and B. may furthermore include any transcription enhancement or translation 
enhancement regions, as well as a transcriptional termination region fifom either the natural gene from any <Aher 
gena 

[001 5] The gene to be inhibited can be either natural or foreign to the organism. The gene does not necessarily code 
for a protein or an enzyme, but if it does, the encoded protein or enzyme may t>e non-natural to the receiving organism. 

10 [0016] Thepresentprocesscaribeusedtoinhbittheexpressionof genes in the genome of any organism from ar^ 

taxonomtcal origin that could receive an interrupted repeat configuration according to the present invention. The 
present invention therefore includes mammals, including human beings, plants. miaoH)rgantsms. fungi and other, or 
any part thereof. Preferably, the term "planf as used in this invention includes any suitable angiosperm, gymnosperm. 
monocotytedonous or dicotyledonous species or any part thereof. 
75 [0017] Although the examples illustrating the invention relate to the inhibition of gene expression in plants, it is con- 
tenplated that the invention can be practised in other organisms too. 

[0018]- When the interrupted repeat configuration has been introduced in an organism, a tranegenic organism has 
been mada Preferably the tntenrupted repeat conf^uration is incorporated in or stably added to the genome of the 
transgenic organism. 

20 [001 9] Accordingly, the invention also relates to a transgenic organism or any part thereof obtained by the process of 
the invention or comprising the nucleotide sequence used in the process. The term "or any part thereoT includes all 
cells, tissues and organs, both within the organism during its complete life cycle, euid all cells, tissues and organs per 
se, as well as derivatives of all cells, tissues and organs. 

[0020] The process of the Invention can be used as a tool in gene function analysis in case of gene redundancy. A 
25 group of sufficiently similar or homologous target genes will be affected sirmjltaneously with the introduction of one of 
these genes or homologues in an intenrupted repeat configuration of the invention. As a result a group of gene products 
that are redundant in ttie organism are reduced or eliminated. The possibility of reducing down a group of suffidentiy 
homologous target genes wHh a gene in an intenrupted repeat configuration will complement prior art methods such as 
mutation and transposon tagging in gene function search, espedally in case of redundant genes. 
30 [0021] A further aspect of the present invention relates to elucidating the function of genes with hitherto unknown 
roles. The present invention allows tiie function of a group of homologous or partially homologous genes which may be 
redundant or overiapping in biological function, to be evaluated. This particular aspect of the present invention is advan- 
tageous over the prior art methods which, for exanple, rely on the elimination or mutation of a single gene. 
[0022] The t3asic principle in the construction of a genetically modified or transgenic organism is to insert genetic infor- 
ms mation In or to add to ttie genome so as to obtain staUe maintenance of the introduced g&ietic material. The skilled 
person will appredate ttiat transformation of a particular organism can be carried out using techniques well known in 
the art The techniques for inserting genetic material depend on the particular organism and are known to experts in 
the field. For plants, this couM involve the use of the Agrotsacterium transformation mettiods. or all other methods suit- 
able for introduQ'ng genes into plants. 
40 [0023] The present invention will now be Illustrated by ttie following examples, which shouM not be construed as in 
any way limiting the invention. The examples particularly illustrate the process of the invention In which the transaiption 
directions of A and B in ttie intenrupted repeat configuration are opposita Saki configuration is indicated as interrupted 
inverted repeat, abbreviated as INTIR. In the examples ttie result of the process of ttie invention is also referred to as 
gene silencing. 

45 [0024] The examples refer to the following Figures in which 

Rgure 1 shows T-DNA configurations used in these examplea 

a. Plant vectors used for transfbrniation of the wild type (WT) and ANLGA-13 tobacco. The direction of tran- 
so saiption of the respective genes is given by tiie shape of tiie box. The pHCGN vector originates from our 

attempts to done ttie QUS gene as a direct inverted repeal The ii^asmid contains a fortuitously cloned piece 
of unknown E. coli DNA. The striped arrows indicate ttie borders of ttie Agrobacterium T-DNA. The restriction 
enzyme fragments used for DNA blot analysis (see Fig. 3) are indicated witti a doubleheaded arrow and the 
fragment cientif ication code A or H. 
55 b. pLM T-DNA; tot>acco ANLGA-1 3 used for regeneration and retransformation carries a single copy of tiie pLM 

T-DNA. The restriction enzyme fragments used for DNA blot analysis (see Fig. 3) are indicated witii a double- 
headed arrow and the fragment identification code P. 

Abbreviatfons: 35S. single CaMV 35S promoter; d35S. doubled CaMV 35S promoter; GUS. p-glucuronidase 
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gene; GUSi. GUS with potato intron; HYG, hygromycin phosphotransferase gene; Lhca3.St 1, pronroter from 
the potato [Solanum tuberosum) gene encocBng a protein of the Photosystem 1 light harvesting complex; nos. 
nopaline synthase promoter; NPT. neomycin phosphotransferase gene; restriction enzymes: Asc. Asc\; Asp, 
Asp7^S\\ H. Hin6\\\i R. EcoRI. 

5 

Rgure 2 shows (fistrixjtions of GUS activity in control, transformed and retransformed plant populations, 
a. Box plots of the GUS activity In the respective plant populations. 

Each horizontal line represents the 10th. 25th. 50th (median), 75th and 90th percentiles; populations are indi- 
10 cated on the top; GUS activity Is given in pmol methylumbelliferon per minute per microgram of soluble protein. 

The open circles are the GUS activities of the individual plants not taken into account by making the box plot. 

These are the silenced plants in case of pPG2 retransfbrmatnn; and the non-silenced plants In case of 

pINTIRA and pIMTIRH transformation of wild-type tobacco (activity > 60) and pINTIRA and pINTIRH retrans- 

formatk>n of ANLGA-13 tobacco (activity > 108). 
IS b. Histogram of data from the pINTIRH and plhJTIRA retransformation of tobacco ANLGA-13. The activity of 

the ANLGA-13 parent is gh^ by an arrcw. 

Hgure 3 shows DNA blot analysis of INTIR-transformed and - retransformed plants probed with a GUS probe. 

20 a. Analyse of EcoRI-cfigested genomic plant DNA isolated from INTIRH and INTIRA transformants after trans- 

formation of wild-type tobacco. On top^ the GUS activity is indicated with S for a silenced and witii A for an 
active transfbrmant Both active transforrnants (lanes 3 and 8) have not the expected pattern of bands. The 
expected fragments A1 , A2. HI and H2 (see Rg. 1) are indicated by arrows. Ml . M2 are control lanes with the 
expected fragments added to salmon sperm DNA. 

25 b. Asp7181+^cl-digested genomic plant DNA isolated from INTIRH retransformants after transformation of 

tobacco ANLGA-13. The lane labeled T on top is an INTIRH transformant. all lanes labeled A on top contain 
DNA from plant line that have GUS activity. The lines in lanes 5. 8 and 10 received intact INTIRH DNA. The 
expected fragments H3 and P3 are indicated arrowheads. Ml contains ANGLA-13 DNA; fragment P3 rep- 
resents the whole T-DNA of pLM plus a fragment of unknown length of tobacco genomic DNA. M2 contains the 

30 expected fragment H3 added to salmon sperm DNA. 

c. Analysis of genomic plant DNA from INTIRA and INTIRN retransformants ot}tained after transformation of 
tobacco line ANLGA-13. showing the stable maintenance of the INTIR configuration in plants. The DNA was 
digested with EooRI (INTIRA) or Hind\\\ (INTIRH). On top. the GUS activity Is indicated with S for a silenced 
and with A for an active retransfbrmant The expected INTIR-derived fragments A1 . A2. HI and H2 (see Rg. 

3S 1) are indicated by arrows, as well the expected fragments PI and P2 from the parental LM T-DNA (see Rg. 

1). M1<4 are control lanes with the expected INTIR fragments aMed to salmon sperm DNA (Ml . M3) and to 
ANLGA-13 DNA (M2.M4). 

Examples. 

40 

[0025] The gene used in the exanples consists of the doubled cauliflower pronfX)ter 35S promoter (dCaMV 35S) driv- 
ing the bacterial p-glucuronidase (GUS) reporter gene. The two INTIR constructs used for plant transfomnation are 
given in Rg. la. The Intenrupting sequences used were the nos promoter-driven hygromydn resistance gene (pINTIRH) 
and the non-coding chicken lyzozyme A element (pINTIRA). 

45 [0026] The dC^aMV 35S promoter-GUS gene by Hseif (Ftg. 1 a: pH(X3N) yields average GUS expression levels upon 
transformation (Rg. 2a: trans HCGN). whereas the single CaMV promoter-GUS fusion (Rg la: pPG2) results In overall 
low GUS activity levels (Rg 2a: trans PG2). Transformation of wiM-type tobacco with either pINTIRH and pINTIRA 
resulted primarily In transgenic plants with GUS activities that were tow or below the level of detection (Rg. 2a: trans 
INTIRH and trans INTIRA). Gene silencing Is therefore operational within INTIR lod. irrespective of their place of Inte- 

50 gration. DNA blot analysis showed the proper integration and stable maintenance of tiie INTIR conf 'juration in plants 
(Rg. 3a, all lanes labeled S). Few plants. 3 out of 42 in case of pINTIRH and 1 out of 36 in case of plf^JTIRA, showed 
the le/el of expression of the dCAMV 35S pronx>ter-GUS fuston (Rg. 2a). Subsequent DNA btot analyses showed that 
in these cases the T-DNA transfer had been incomplete (exanples in F^. 3a, lanes 3 and 8). As DNA transfer or inte- 
gration stopped within the repeat-interrupting sequence, tiiese plants effectively received a stogie copy of the dCAMV 

55 35S-GUS transgene. resulting in GUS activity. 

[0027] To determine if the INTIR constructs were capable of silencing endogenous genes, tobacco line ANLGA-13 
canrying a single GUS gene was chosen for retransfbrmation experiments. This line is homozygous for a single copy of 
the pLM T-DNA (Fig. lb). The Lhca3.St. 1 promoter-GUS gene expression in this line was stable and fully additive (Nap 
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et al., 1997) over at least four generations of selfing. To further substantiate the intrinsic stability of GUS activity in this 
tobacco line. 47 regenerants were obtained by mock transformation. GUS activity in these regenerants was similar to 
the activity in the parent plant (Rg. 2a: regen ANLGA-13). Ihs homozygous GUS gene in tobacco line ANLGA-13 
therefore behaves as a fully stable endogenous gene and is a suitable target for silencing by retransformation assays. 

s [0028] In the retransfonnants of ANLGA-1 3 obtained after retransfbmiation with vector pPG2 (Rg. 1 a), the expected 
10% (4 out of 40) of plants showed a strong reduction of GUS activity (Rg. 2a: retrans PG2; Table 1). In contrast, 
retransformation with either pINTlRA or pINTIRH resulted in much more gene silencing. The distribution of GUS activ- 
ities in the populations off ANLGA-13/lhJTiRH and ANLGA-13/INT1RA retransformed plants is given in Rg. 2 (retrans 
INTIRH and retrans INTIRA). Out of 36 ANLGA-13/INTIRH retransformants. 29 (81%) showed considerable reductions 

10 in GUS activity; out of 38 ANLGA-13/1NTIRA retransformants. 22 (58%) plants (Table 1). GUS activity ranged from 45 
to almost 0 % of the ANLGA-13 parental activity; on the average 6-7% residual GUS activity was retained (Tattle 1). The 
GUS activity in the 21 active retransformants may define the requirements for efficient INTIR-mediated gene silencing. 
Activity could be due to several reasons, such as a complete but ineffective INTIR configuration or to an incomplete 
ir^lR integration (as in case of tiie transfonnation assay shown above). DNA blot analysis of the active retransfomiants 

IS showed both cases to occur (Rg. 3b, lanes 4-1 0). 



Table 1 
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Retransfformation with INTIR DNA results in efficient gene silencing 


DNA 


number of plants 


mean GUS activity* in plants 




total^ 


silenced*^ 


% silenced 


active 


silenced 


% of parent 


none 


47 


0 


0% 


217 


n.a 


n.a. 


PG2 


40 


4 


10% 


225 


14.2 


6.5% 


INTIRH 


36(28) 


29(25) 


81%(89%) 


307 


13.8 


6.4% 


INTIRA 


38(34) 


22(22) 


58%(65%) 


245 


15.8 


7.2% 



*meanGUS activities are the backtransformed natural logarithmic (i e- geometric) means. 
'^Numbers between brackets refer to the number of plants that received at least one intact 
INTIR configuration. 

^Plants are dassffied "silenced* H they show less than half tiie GUS activity of the ANLGA- 
13 parent Ci-e.<108 pmd MU/min.Tg protein); nji.. not appGcable. 
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[0029] In total nine retransformants (3 INTI RH, 6 INTIRA) showed GUS activity, whereas DNA blot and genetic anal- 
ysis of hygromydn resistance indicated the presence of an intact integration of the INTIR DNA. Fig. 3b (lanes 5. 8 and 
1 0) shows the presence of a single fuH INTIR-containing DNA fragment for three active IfsTTlRH retFansfbrmants; Fig 3c 
(lanes 5. 8 and 15) shows tiie presence of tiie two expected INTIR DNA fragments. This result implies that an II4TIR 

40 conf iguration per se is not fully sufficient for gene silencing. Whereas the majority of genomic positions is generating 
the If^lR-mediated gene silencing, few positions may escape the phenomenon. possik)ly due to a rare position effect. 
[0030] Twelve retransformants (4 INTIRA. 8 INTIRhQ received tiie dCaMV 35S-GUS transgene due to an incomplete 
INTIR integration (Fig. 3c, lanes 6. 7. 12. 14) . Four of these twelve (30%, all INTIRH retransformants) were silenced 
(Rg. 3c. lane 14). Introduction of the dCaMV 35S-GUS transgene alone is apparently not resulting in a high silencing 

45 percentage, in contrast to a dCaMV 35S promoter-chalcone synthase construct in Petunia hybrida (Que et al., 1997). 
However, the DNA blot analysis cannot exclude that a small part of ttie 3* end of the second GUS gene was transferred 
as well. This may be suffident for gene silendng (Sljen et al.. 1996; English et al.,1996). For assessing the efficacy of 
INTIR constructs it is reasonable to limit the plant populations to those transformants that received at least one intact 
INTIR configuration. Analysed this way. the percentage of silendng ranges from 65% for INTIRA to as high as 89% fbr 

so INTIRH (Table 1). 

[0031] This high effidency of gene silencing observed in INTIR-containing plants indicates that the INTIR-cortf igura- 
tion by itself is in the m^ority of cases suffident to trigger gene silendng. The presence of a transcribed gene 
(pINTIRH). or a matrix-assodated region (pINTIRA), as intem^jtion of the inverted repeated sequence does not inter- 
fere with tilts triggering as long as the intact INTIR is present This opens up the INTIR approach as relatively simple 
55 and hence attractive n^od to shut down expression of genes by homology Further experiments will def ine possible 
constraints fbr ttie interrupting sequence (Isngtii. sequence content) as well as for tiie genes to affect by gene silendng 
(homology or transaiptional requirements, promoter strength, mRNA stability), equivalent to constraints for antisense 
(Bourque et al., 1995; Matteucd et al., 1996) and sense suppression (Sijen et al.. 1996; Que et al.. 1997) approaches. 
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The high efficiency will ato uncouple chromosomal position effects from the putative physical instability of an INTIR 
configuration, as demonstrated for a large IR in mice (Ck)llick et al.. 1 996) or from the often observed somatic instability 
of the gene silencing phenomenon (Baulcombe D.C., 1996; Mains et ai.. 1995). Data from our taboratory indicate that 
both DMA configuration and gene silencing survive meiosis in tobaoca 

5 [0032] Genome sequencing has amply indicated that gene redundancy is the rule rather than an exception, even in 
the highly compact genome of ArabkJopsis thaliana. Efficient simultaneous reduction of the expression of a group of 
redjndant genes will allow a first classification of the function of such a gene group, preceding the formal genetic proof 
of any assigned function(8) by mutation(8). Recentiy the 'amplioon* system based on viral replication was proposed for 
consistent gene silencing in plants (Angell et al., 1997). As INTIR transformation is not limited to the host range of a 

10 virus, it would seem to allow easier evaluation and study of gene silencing phenomena in plants as well as In organisms 
otiier than plants. Recent results in D/osop/7/7a(Pal-Bhadraetal.. 1997) suggest that gene silencing may Indeed belong 
to tfie basic repertoire of all organisms to regulate their gene expression. 

Methods 

IS 

[0033] Plant vectors. Pl^mid pPG2 is a pBin1 9-derivative (MIynarova et al.. 1 994) tiiat canies ttie single CaMV 35S 
promoter driving the.E. cp// GUS gene with a pptatojntrjCNi (Vancanneyt et al.. 1 990). The other vectors carry a doubled 
CaMV 35S promoter driving the QUS gene without intron. This dCaMV 35S-GUS gene as Sa/1 - BamHl fragment from 
pLM9 (ANGA) (MIynarova et al.. 1995) and the nos-HYG gene as Asp7181-H//7dlll fragment from pPCV720 (Kbncz, et 

20 al. . 1 994) were cloned in two orientations in the EcoRV site of pBluesaipt SK+ or K&4- (Stratagene). The A element was 
isolated from plasmid pUCBIXI (MIynarova et al.. 1994). Fragments were assembled and cloned in the transformation 
vector pBinPLUS (Van Erigelen el al.. 1995) by multipoint ligations using suitable restriction sites, arxi transformed into 
£. coil DH5IP. After verification, plasmids were Introduced in E. colt S17.1 and conjugated to Agrobacterium 
tumefadens LBA4404 by biparental mating (MIynarova et al.. 1994). 

ss [0034] Plant transformation. Tobacco (Nicotiana tabacum cv. Petit Havana SRI) leaves were transformed with A. 
tumefadens as previously descr93ed (MIynarova et al.. 1994). with selection on 20 ^ml hygromycln. In vitro shoots 
that rooted in the presence of this antbiotic were transferred to the greenhouse with previously described growtti con- 
ditions. In tiie regeneration of ANIjGA-13. no hygromycln selection was applied. 

[0035] GUS assays. GUS activity in tobacco leaves was measured by fluorometry using a Titertek Ruoroscan II 

30 (Row Laboratories) as previously described (MIynarova et al., 1994). 

[0036] DNA analysis. Total DNA was isolated from leav^ of six-week-old greenhoi^e-grcwn tobacco plants as 
desaibed (MIynarova et al., 1994). For DNA blot analysis. 10 Kg was digested witii the appropriate restriction enzymes, 
separated on 0.7-1.0 % agarose gels, blotted onto HyBcnd (Amersham) and hybridized with random-prime labeled 
probes (Amersham). according to established procedures. As size and hybridization markers, isolated fragments were 

35 mixed with eittier 10 }ig sheared salmon sperm DNA or ANGLA-13 DNA prior to gel electrophaesi& 
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Claims 

IS 

1. A process for inhSDiting e3g)ression of a gene or a group of homologous genes present in the genome of an organ- 
ism, the process comprising introducing in said organism a nucleotide sequence having the following configuration: 

A - intenupt - B 

20 

wherein A and B, which may be the same or different are selected from the group consisting of said gene or one 
of said homologous genes, any part thereof comprising at least 30 bp. and any homologue thereof, 
"interrupt" is a random nucleotide sequence, and 
the transcription directions of A and B may be the same or opposite. 

25 

2. A process according to claim 1 . wherein the transcrqstion directions of A and B are opposite. 

3. A process according to claim 1 or 2, wherein A and/or B comprise a foreign promoter attached to the coding 
sequence of a gena 

30 

4. A process according to claims 1 to 3. wherein the random nucleotide sequence has a length of up to 10M>. 

5. A process according to claims 1 -4. wherein the organism is a plant. 
35 6. A nucleotide sequence having the following configuration: 

A - interrupt - B 

wherein A and B. which may be the same or different, are selected from the group oonssting of a gene, any part 
40 thereof comprising at least 30 bp, and any homologue thereof, 
"intenrupt" is a random nucleotide sequence, and 
the transcription directions of A and B may be the same or opposita 

7. A nucleotide sequence according to daim 6, wherein the transcription directions of A and B are opposita 

45 

8. A nucleotide sequence according to daim 6 or 7, wherein A and^or B comprise a foreign promoter attached to the 
coding sequence of a gene. 

9. A nudeotide sequence according to daims 6 to 8, wherein the random nudeotide sequence has a length of up to 
so 10 kb. 

1 0. A vector comprising a nucleotide sequence of any of daims 6-9. 

11. A transgenic organism or any part thereof obtained by the process of daims 1-5, or comprising the nudeotide 
55 sequence of claims 6-9. 
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